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Abstract:

A muon coadling ring is currently being investigated as a
possble muon cooling experiment that can demonstrate
6D coding. The mdling ring consists of long sole-noid
channels with liquid H, absorbers and RF caviti es, shorter
field flipped solenoids with LiH wedge @sorbers and
wedge shaped 45 bending dipole magnets. The ring is
designed to coo muons with E,=250 MeV. This study
examines the magnetic system of the muon ring cooler.
The purpose & this point is to establish physicd fields for
the magnetic system that can be used in tradking studies.

1. INTRODUCTION

This letter studies the magnet system for a muon cooling
ring that is being investigated as a possble gproac to
muon cooling for a neutrino fadory or muon collider [1].
This cooling ring would cod bath in transverse and longi-
tudinal phase space Figure 1 shows a diagram of the
muon cooling ring. This ring consists of four long
solenoid channels containing RF cavities and a liquid H,
absorber. At ead corner there is a shorter field flipping
solenoid containing a wedge shaped LiH absorber. Two
45° wedge shaped dipole bend magnets surround the short
solenoids at ead corner.
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Figure 1: Diagram of muon codlingring.

Table 1 summarizes the parameters that spedfy the
magnet system for the aaling ring.

Table 1: Parameters describing the muon coaling ring

magnet system.
Parameter Symbal Value
Muon Momentum Py 226
MeV/c
Bend Radius Po 52cm
Bend Ange Bbend 45°
DipdeField B, 1.45teda
Focusing Index (R/B)x(dB,/dr) =12
Radial Aperture Reper 17cm
Long Solenoid Field Bisol 25-4teda
Long Solenoid Half Liso 32m
Length
Field Flip Solenoid Field Bsol 35teda
Short Solenoid Half Lsgl 0.6m
Length
RF Cavity Gradient E: 155
MV/m

2. DIPOLE MAGNET
The dipole magnet must bend a muon beam with 15 cm
radius and <p,>=226 MeV/c through an angle of 45°
while providing focusing in both the horizontal and
verticd planes. The bend magnet must be mmpad in size
and fit between high field solenoid magnets on ead side.
This combined function dipole magnet consists of a C-
shaped iron yoke with (most likely) superconducting coil s
and field clamps to control the fringing field. The overall
geometry of the ring requires that the bend radius of the
magnet be small. The bean referenceradiusr,= 52 cm is
a ompromise between ring requirements and magnet
feasibility. Sincethe dfedive field width W=6,r along
the beam path is comparable to the poe gap G, this
magnet will require 3D computer modeling of the field.
In order to achieve equal focusing in both planes the field
index should be n = —(r/B,)(dB,/dr) = %5 This gives the
desired field profile of By(r) O r% The pole gap radial
profile is designed to achieve this field shape. Table 2
shows the pole haf-gap as a function of the radial
pasiti on. The effedive field bouwndaries, whose
separation along any beam path is given by

W,, () = BiJ'rBy(r,g)de , should lie dong the radial
yo

lines 8 = £225° with resped to the ceterline of the



magnet. In the absence of field clamps, the very large
pole gap would cause the physicd boundaries of the pole
to lie well inside the dfedive field baundaries. Table 2
also shows the physicd half width of the pde with field
clamps as a function of the radial position. Figure 2
shows a radial cross sedion of the magnet illustrating the

pole gap.

Table 2: Parameters that describe the pole design of the dipde
magnet as afunction o radial postion. All vauesarein cms.

R Half Gap Half Width
30 5.0 115
37 8.0 135
44 113 153
52 154 173
60 211 223
67 239 254
75 257 29.0
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Figure 2. The drawing shows a aoss ®dion d the dipole
magnet cut along the symmetry plane. A contour plot of the
iron permeability is rown superimposed.

Figure 3 shows three arves which compare the B, field
component as a function of the transverse radial position.
One curve shows the 3D field cdculation that was
performed using the TOSCA eledromagnetic finite
element program [2]. A 2D cylindricdly symmetric
cdculation using the same poale profile is also shown. It
does not agree well with the 3D cdculation becaise the
magnet width is comparable with the pole gap. A better
comparison is with the ideal 2D design which has a pae
chosen to gve the desired By(r) ~r"* behavior. Its
agreement with the 3D cdculation is reasonably good for
the region occupied by the beam. The field index, n, can

be determined by fitting a polynomial to the beam region,
37<r<66 cm. Theindex for the 3D model is n;p=0.470t0
be compared to nyp iges=0.473 for the ided 2D model. As
shown in figure 2, the iron in the pdle is quite saturated.
It has permeabili ty less than 10 on the pole surface
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Figure 3: By is sown aong mid-plane of symmetry plane of the
dipole magnet. The blue line shows the arrve from the 3D
cdculations. Thered line shows the 2D cylindricdly symmetric
cdculations with the same pole shape. The green line shows the
ided 2D case where the poe is daped to produce the
appropriate index.

The field along the center reference path through the
dipole magnet is shown in figure 4. This path is an arc of
radius 52 cm inside the dipole magnet and extends as a
straight line outside the magnet. The graph shows B, on
axisand By, By, and B, 10 cm above the reference path.
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Figure 4: Field along reference path and 10 cm above.

3. LONG SOLENOID CHANNEL
Each of the four sides of the coadling ring consists of a
6.3 meter long solenoid channel containing RF
cavities and a liquid H, absorber in the center. The
axial field in the solenoid varies between 2.5 and 4.5
tesa. The higher 4.5 teda field is required at the
absorber to be most effedive. The solenoid channel
consists of coil s with the radius of 80 cm surrounded



by an iron flux return. The airrent density in the
coil s around the asorber is incressed to provide the
higher flux required at that position. The cylindricd
part of the flux return has a thickness of 33 cm to
contain the returned flux. The end pate of the
solenoid is highly saturated as expeded. Severa
designs for the endplate of the solenoid have been
investigated. The design wsed in these cdculations
congists of a 20 cm thick plate of vanadium sted
(M=2.4 tesla) with a seaond 5 cm plate (1010 sted)

separated by a5 cm gap.

Magnretic fields for the solenoid magnet were made
using the Opera2D finite dement program [3].
Figure 5 shows the a&ia component, By, as a
function of the axial position. Thefieldis4.3tedain
the vicinity of the H, absorber and fals to
approximately 2.5 teda in the rest of the channel.
The solenoid fringe field seen in the region of the
dipole magnet varies from 300 to 2000 gauss (nea
the endplate).The field clamp of the dipole magnet
should exclude part of this field. The radia field
component, B,, is given in the figure for a radius of 5
and 10 cm. B, is present in regions where B, is
changing. Thereis a significant B,=5000gauss at 10
cm locdized to the solenoid endplate. There is aso
some radial feld present for the transition to the

higher field nea the H, absorber.
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Figure 5: Fields inside long solenoid channel. B, is $own
along the solenaid axis. B, is sown at aradial position o 5 and
10 cm off axis.

4. FIELD FLIP SOLENOID CHANNELS
In the four corners of the codling ring ketween the two
45° dipole magnets is a short field flip solenoid channel.
The il on each half is68.43 cm long and is divided into
a high current part 30.82 cm long rea the eenter carrying
252 amp/mm? and a low current part 37.61 cm long
carying 101 ampsmm?. The wils on ead half cary

current of the oppasite sign to produce afield flip in the
center. The surrounding iron flux return is designed to
contain the field in the region of the solenoid magnet.
Figure 6a and b show B; and B, inside the solenoid at
severa radia distances. The field is about 1 teda & the
end dof the solenoid and fallsto 400 gaussin 40 cm, which
would beinside the dipole magnet.
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Figure 6: @) B, at r=0, 10, and 20 cm inside short solenoid
channdl. b) B, at r=10 and 20 cm.
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